Excessive dopamine is known to cause hypoxic/ischemic damage to mammalian brain. The freshwater turtle Trachemys scripta, however, maintains basal striatal DA levels in anoxia. We investigated DA balance during early anoxia when energy status in the turtle brain is compromised. The roles of ATP-sensitive potassium channels and adenosine receptors were investigated as these factors affect DA balance in mammalian neurons. Striatal extracellular DA was determined by microdialysis with HPLC in the presence or absence of the specific DA transport blocker GBR 12909, the KATP blocker BDM, or the non-specific AD receptor blocker theophylline. We found that in contrast to long-term anoxia, blocking DA reuptake did not significantly increase extracellular levels in 1 hr anoxic turtles. Low DA levels in early anoxia were maintained instead by activation of KATP channels and AD receptors. Blocking KATP resulted in a 227% increase in extracellular DA in 1 hr anoxic turtles, but had no effect after 4 hr of anoxia. Similarly, blocking AD receptors increased DA during the first hr of anoxia but did not change DA levels at 4 hr anoxia. Support for the role of KATP channels in DA balance comes from normoxic animals treated with KATP opener; infusing diazoxide but not adenosine into the normoxic turtle striatum resulted in an immediate DA decrease to 14% of basal values within 1.5 hrs. Alternative strategies to maintain low extracellular levels may prevent catastrophic DA increases when intracellular energy is compromised while permitting the turtle to maintain a functional neuronal network during long-term anoxia.
). BDM is a specific blocker of the KATP channel able to reversibly inhibit whole-cell KATP currents with a K(i) = 11 ± 3 mM for half maximal inhibition and a Hill coefficient of 2.5 ± 0.2 (50). Data for anoxic control, normoxic, and 4 hr anoxic turtles treated with GBR 12909 have been previously reported (34). Additional control, 1 hr anoxic, and 4 hr anoxic animals (N= 5-6 per group) were treated with the KATP channel blocker glibenclamide (400 uM). All drugs were administered via the microdialysis probe perfusate in turtle ACSF.
Turtles were anesthetized with AErrane (Isoflurane, USP, Anaquest) in air. Anesthesia was induced using a 4% isoflurane in air mixture pumped from a 1.5 liter rebreathing bag.
Animals were maintained on 1.7% isoflurane once a surgical plane was achieved (51).
After exposing the skull, a 1 cm diameter hole was trephined and the skullcap removed.
A small incision through the dura mater exposed the cerebral hemispheres. A stereotaxic instrument and guide was used to insert a CMA 12 microdialysis probe (3 mm membrane length, Bioanalytical Systems, Inc., Acton, MA) into the striatum (5-6 mm depth from the cerebral surface, depending on animal size). The probe was perfused with turtle ACSF solution at 1.2 µl/min with a CMA/100 microdialysis pump (Carnegie Medecin, Solna, Sweden); sampling was preceded by a 1 hr stabilization period following probe insertion. Previous work in our lab has demonstrated that 1 hr is a sufficient stabilization period to reduce extracellular neurotransmitters levels resulting from the damage of probe insertion. Anoxia was induced by changing the breathing mixture to certified 99.99% nitrogen (County Welding, Pompano Beach, Florida) and 1.7% isoflurane; previous studies have shown that arterial PO2 is essentially zero by 1 hr N2 ventilation (33).
Dialysate was collected over 30 min intervals and analyzed immediately. Baseline DA levels were determined for all groups as the mean of the three samples (1.5 hr) immediately prior to an experimental insult (drug or anoxia). Drug control groups were sampled for an additional 1.5 hr in normoxic animals with drug perfusion. For anoxic animals, turtles were ventilated on N2 following baseline sample for 0.5 hr (short term anoxic exposures), or 2.5-3.5 hr (long term anoxia) prior to drug insult. Anoxic animals were then sampled for an additional 1.5 hr of drug/anoxic exposure. In all cases, perfusion with the experimental drugs in ACSF was begun in the 0.5 hr sample prior to the timepoint of interest, to allow time for movement through the system's dead spaces. Probe recovery was determined from known standards in vitro (21). [DA]dia increased to a mean of 231 ± 51% of control, vs. untreated striatal DA levels of 90 ± 11% of basal; significant increases were observed within 0.5 hr of drug administration (Fig.   2B ). DA levels in untreated animals at 1and 4 hr anoxia were not significantly different from normoxic levels.
As was observed with KATP channels, at 4 hr anoxia [DA]dia blocking ADR with theophylline had no effect on extracellular DA levels (Fig. 2) . DA in treated animals was 92 ± 11% of DA in 4 hr anoxic, untreated animals (99 ± 2%).
In contrast to the dramatic effects of opening KATP channels in normoxic animals, however, neither stimulating nor blocking ADR affected normoxic extracellular DA (Figs. 2 and 
3). Discussion
This study demonstrates the critical roles played by KATP channels and ADR in depressing DA release in the early anoxic turtle striatum. Under normoxic conditions, homeostasis is maintained through continuous DA release and reuptake, such that blocking reuptake results in significant DA increases in the extracellular space (34). Blocking reuptake during the initial hour of anoxia, however, does not increase extracellular DA levels ( Fig. 1) , indicating that release has been greatly reduced. This strategy differs from the long-term (4 hr) anoxic turtle, which remains in energy balance (29) and is thus able to continue DA release and reuptake (34). The ability of the turtle to maintain low striatal DA levels during anoxia is in direct contrast to the mammalian brain, where even mild hypoxia can increase DA by 200%, and severe hypoxia/ischemia results in increases up to 500-fold (13,21); these large increases are closely correlated with ATP depletion (48).
One mechanism, which prevents DA release during the initial transition phase of anoxia, is the activation of KATP channels. While the turtle remains in energy balance over long-term anoxia, there is a moderate decrease in ATP levels in the turtle brain during the initial 1-2 hr exposure (8), which appears sufficient to stimulate KATP channels and prevent DA release.
Blocking KATP channel activity more than doubled extracellular DA over the initial 1-2 hr anoxia (Fig. 2) , but had no effect in the normoxic brain nor in the 4 hr anoxic brain. In both the normoxic and long-term anoxic turtle, on the other hand, ATP levels are high (29), KATP channels are closed and thus unaffected by the blocking agent. Further support for this hypothesis is demonstrated by the pharmacological activation of KATP channels under normoxic (unstimulated) conditions, which caused an immediate decrease (within the first 30 min sample) in extracellular DA. Following 1.5 hr diazoxide perfusion, striatal DA levels were only 14% of basal (Fig. 3) . Interestingly, although AD levels are known to affect both normoxic blood flow It of course may also be that the anoxic turtle brain is simply unable to completely prevent DA loss, and the 1 hr transition period too brief to observe any significant increases in extracellular DA due to a decreased but still occurring DA leakage from the cell. Even stimulation of the KATP channels during the transition period is not sufficient to completely prevent DA loss, as occurs in normoxic animals stimulated with diazoxide, as extracellular DA remains at basal levels during this transition period. Our previously reported continued reuptake over long-term anoxia, then (34), would be an adaptation to prevent large DA increases in the face of continuous, long-term loss.
Thus the apparent requirement to maintain low extracellular DA levels may be for either or both of two reasons: protection against excessive DA levels, which are likely to be toxic to the turtle brain, as in mammals (32), and/or the maintenance of basal intra-and extracellular levels through continued long-term release and reuptake. The latter could be critical to maintain the neuronal circuitry of the long-term anoxic brain, as suggested by the continued low level activity of other neuronal measures. The continued release and reuptake of glutamate also occurs in the anoxic turtle brain, for example, despite an estimated energetic cost as high as 1.5 ATP per glutamate (35). The latter could be critical to maintain the neuronal circuitry of the long-term anoxic brain. The anoxic turtle brain also still exhibits frequent, periodic bursts of electrical activity despite being electrically quiescent overall (12); we suggest that continued neuronal activity may be important for maintaining functional integrity in the metabolically depressed brain and allowing recovery when oxygen is again available. Such continued energy expenditures, however, as well as the need to maintain ion gradients for gradient-dependent transport mechanisms, puts a limit on the degree of ion channel arrest and metabolic reduction that can be achieved even over long term anoxia. 
